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Description

RELATED APPLICATIONS

[0001] The present application claims priority under 35
U.S.C. 365(c) to US Application No. 14/866,584 filed on
September 25, 2015.

FIELD

[0002] The present disclosure generally relates to the
field of electronics. More particularly, some embodiments
relate to techniques for flexible and/or dynamic frequen-
cy-related telemetry.

BACKGROUND

[0003] As integrated circuit (IC) fabrication technology
improves, manufacturers are able to integrate additional
functionality onto a single silicon substrate. As the
number of these functionalities increases, however, so
does the number of components on a single IC chip. Ad-
ditional components add additional signal switching, in
turn, generating more heat. The additional heat may
damage an IC chip by, for example, thermal expansion.
Also, the additional heat may limit usage locations and/or
applications of a computing device that includes such
chips. For example, a portable computing device may
solely rely on battery power for its operations. Hence, as
additional functionality is integrated into portable com-
puting devices, the need to reduce power consumption
becomes increasingly important, for instance, to maintain
battery power for an extended period of time. Non-port-
able computing systems also face cooling and power
generation issues as their IC components use more pow-
er and generate more heat.
[0004] To improve power consumption efficiency,
some Central Processing Units (CPUs) may allow for ad-
justments to their operating frequency. However, the de-
cision regarding the frequency adjustment may not be
readily visible to system integrators or other users that
may be impacted directly by the frequency adjustment.
[0005] US 2006/0031691 discloses a system compris-
ing a processor and a memory coupled to the processor.
The memory stores processor performance utility in-
structions and performance adjustment instructions.
When executed, the processor performance utility in-
structions are configured to cause activities of the proc-
essor to be counted and to cause a processor utilization
value to be determined based on the counts.
[0006] US 2014/0281612 discloses a scalability algo-
rithm, which causes a processor to initialize a perform-
ance indicator counter, operate at an initial frequency of
the first clock signal for a first duration, and determine,
based on the performance indicator counter, an initial
performance of the first processing core.
[0007] US 2005/0132238 discloses techniques which
may be used to better manage the power and energy

consumption of a processor in an embedded system. The
techniques may be used with processors that offer a per-
formance monitoring capability. Instructions per cycle
and memory references per cycle are example metrics
that may be monitored by the performance monitor. The
voltage and frequency scaling adjust the operating volt-
age and operating frequency of the processor based on
the values of these two metrics. WO 93/12480 discloses
a battery powered computer system, which determines
when the system is not in use by monitoring various
events associated with the operation of the system. The
system preferably monitors the number of cache read
misses and write operations, i.e., the cache hit rate, and
reduces the system clock frequency when the cache hit
rate rises above a certain level.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The detailed description is provided with refer-
ence to the accompanying figures. In the figures, the left-
most digit(s) of a reference number identifies the figure
in which the reference number first appears. The use of
the same reference numbers in different figures indicates
similar or identical items.

Figs. 1, 4, 5, and 6 illustrate block diagrams of em-
bodiments of computing systems, which may be uti-
lized to implement various embodiments discussed
herein.
Fig. 2 illustrates a block diagram of portions of a proc-
essor core and other components of a computing
system, according to an embodiment.
Fig. 3 illustrates a flow diagram in accordance with
an embodiment.

SUMMARY

[0009] The invention is defined in detail in the append-
ed independent claims 1, 5 and 12, whereas preferred
embodiments of the invention are defined in the append-
ed dependent claims 2-4 and 6-11.

DETAILED DESCRIPTION

[0010] In the following description, numerous specific
details are set forth in order to provide a thorough under-
standing of various embodiments. However, various em-
bodiments may be practiced without the specific details.
In other instances, well-known methods, procedures,
components, and circuits have not been described in de-
tail so as not to obscure the particular embodiments. Fur-
ther, various aspects of embodiments may be performed
using various means, such as integrated semiconductor
circuits ("hardware"), computer-readable instructions or-
ganized into one or more programs ("software"), or some
combination of hardware and software. For the purposes
of this disclosure reference to "logic" shall mean either
hardware, software, or some combination thereof.
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[0011] Some embodiments provide techniques for
flexible and/or dynamic frequency-related telemetry. In
an embodiment, logic (such as logic 150 of Fig. 1, which
may be implemented as a system written in firmware run-
ning on a processor for example) will communicate with
the O/S (Operating System or "OS"). As discussed here-
in, the communication or interface between the O/S and
the processor may interchangeably refer to the commu-
nication or interface between a device driver and the
processor. Hence, the terms "O/S" and "device driver"
may be interchangeable in the context of communication
or interface with a processor. The logic may then expose
the telemetry data to one or more recipients (such as
those directly impacted by modifications to the data, in-
cluding, for example, system integrator(s) or other us-
er(s)). Furthermore, some embodiments provide tech-
niques for both the logic and the protocol (and/or the in-
terface) used for communication with the O/S and/or de-
vice driver.
[0012] Moreover, as mentioned above, the decision re-
garding adjustment to the operating frequency of a proc-
essor may not be readily visible to system integrators or
other users. For example, to design and/or operate more
efficient computing systems, computing system integra-
tors (or other users) may need a way to understand the
decisions taken by a processor’s power management al-
gorithm(s), regarding frequency clipping and/or shaping,
e.g., across different compute domains. This information
should be provided in a flexible way in accordance with
some embodiments, allowing the recipients to focus on
their exact need(s). Also, the information may need to be
provided dynamically, allowing the recipients to use it as
part of a production system (i.e., during run-time), in high
volume, etc., as well as in a laboratory/design environ-
ment. In an embodiment, the provisioned information
may include a high-order statistics (e.g., and not first or-
der) -- that is, the ability to gather statistics on specific
case(s) the recipients would like to target.
[0013] Furthermore, some embodiments may be ap-
plied in computing systems that include one or more proc-
essors (e.g., with one or more processor cores), such as
those discussed with reference to Figs. 1-6, including for
example mobile computing devices (and/or platforms)
such as a smartphone, tablet, UMPC (Ultra-Mobile Per-
sonal Computer), laptop computer, Ultrabook™ comput-
ing device, smart watch, smart glasses, wearable devic-
es, etc., and/or larger systems such as computer servers
with many cores, etc. More particularly, Fig. 1 illustrates
a block diagram of a computing system 100, according
to an embodiment. The system 100 may include one or
more processors 102-1 through 102-N (generally re-
ferred to herein as "processors 102" or "processor 102").
The processors 102 may communicate via an intercon-
nection or bus 104. Each processor may include various
components some of which are only discussed with ref-
erence to processor 102-1 for clarity. Accordingly, each
of the remaining processors 102-2 through 102-N may
include the same or similar components discussed with

reference to the processor 102-1.
[0014] In an embodiment, the processor 102-1 may
include one or more processor cores 106-1 through 106-
M (referred to herein as "cores 106," or "core 106"), a
cache 108, and/or a router 110. The processor cores 106
may be implemented on a single integrated circuit (IC)
chip. Moreover, the chip may include one or more shared
and/or private caches (such as cache 108), buses or in-
terconnections (such as a bus or interconnection 112),
graphics and/or memory controllers (such as those dis-
cussed with reference to Figs. 4-6), or other components.
[0015] In one embodiment, the router 110 may be used
to communicate between various components of the
processor 102-1 and/or system 100. Moreover, the proc-
essor 102-1 may include more than one router 110. Fur-
thermore, the multitude of routers 110 may be in com-
munication to enable data routing between various com-
ponents inside or outside of the processor 102-1.
[0016] The cache 108 may store data (e.g., including
instructions) that are utilized by one or more components
of the processor 102-1, such as the cores 106. For ex-
ample, the cache 108 may locally cache data stored in
a memory 114 for faster access by the components of
the processor 102 (e.g., faster access by cores 106). As
shown in Fig. 1, the memory 114 may communicate with
the processors 102 via the interconnection 104. In an
embodiment, the cache 108 (that may be shared) may
be a mid-level cache (MLC), a last level cache (LLC),
etc. Also, each of the cores 106 may include a level 1
(L1) cache (116-1) (generally referred to herein as "L1
cache 116") or other levels of cache such as a level 2
(L2) cache. Moreover, various components of the proc-
essor 102-1 may communicate with the cache 108 di-
rectly, through a bus (e.g., the bus 112), and/or a memory
controller or hub.
[0017] The system 100 may also include a platform
power source 120 (e.g., a Direct Current (DC) power
source or an Alternating Current (AC) power source) to
provide power to one or more components of the system
100. The power source 120 could include a PV (Photo
Voltaic) panel, wind generator, thermal generator wa-
ter/hydro turbine, etc. In some embodiments, the power
source 120 may include one or more battery packs (e.g.,
charged by one or more of a PV panel, wind generator,
thermal generator water/hydro turbine, plug-in power
supply (for example, coupled to an AC power grid), etc.)
and/or plug-in power supplies. The power source 120
may be coupled to components of system 100 through
a Voltage Regulator (VR) 130. Moreover, even though
Fig. 1 illustrates one power source 120 and a single volt-
age regulator 130, additional power sources and/or volt-
age regulators may be utilized. For example, one or more
of the processors 102 may have corresponding voltage
regulator(s) and/or power source(s). Also, the voltage
regulator(s) 130 may be coupled to the processor 102
(and/or cores 106) via a single power plane (e.g., sup-
plying power to all the cores 106) or multiple power planes
(e.g., where each power plane may supply power to a
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different core or group of cores).
[0018] As discussed herein, various type of voltage
regulators may be utilized for the VR 130. For example,
VR 130 may include a "buck" VR (which is generally used
in power delivery applications in which an input voltage
needs to be transformed to an output voltage in a ratio
that is smaller than unity) or a "boost" VR (which is gen-
erally used in power delivery applications in which an
input voltage needs to be transformed to an output volt-
age in a ratio that is larger than unity), combinations
thereof such as a buck-boost VR, etc. Furthermore, in
an embodiment, a dual phase, e.g., that may be extend-
able to multi-phase three-Level buck VR topology.
[0019] Additionally, while Fig. 1 illustrates the power
source 120 and the voltage regulator 130 as separate
components, the power source 120 and the voltage reg-
ulator 130 may be incorporated into other components
of system 100. For example, all or portions of the VR 130
may be incorporated into the power source 120 and/or
processor 102.
[0020] As shown in Fig. 1, system 100 may further in-
clude logic 150 to provide flexible and/or dynamic fre-
quency-related telemetry, e.g., as discussed herein with
reference to some embodiments. In an embodiment, log-
ic 150 is provided on a Reconfigurable Power Manage-
ment ICs (RPMICs), such as a PMIC (Power Manage-
ment IC) and/or an IMVP (Intel® Mobile Voltage Posi-
tioning). Such RPMIC implementation(s) may be used in
low power devices (such as portable devices discussed
herein) through large computer servers such as dis-
cussed herein with reference to Figs. 1 or 4-6.
[0021] As shown, the logic 150 may be provided in the
processor 102. However, embodiments are not limited
to this configuration and logic 150 may be alternatively
coupled to or incorporated in the VR 130 and/or other
components of system 100 such as one or more of the
cores 106, and/or the power source 120. Hence, logic
150 may be provide elsewhere in system 100, such as
in the core 106, the VR 130, the power source 120, etc.
[0022] Fig. 2 illustrates a block diagram of portions of
a processor core 106 and other components of a com-
puting system, according to an embodiment. In one em-
bodiment, the arrows shown in Fig. 2 illustrate the flow
direction of instructions through the core 106. One or
more processor cores (such as the processor core 106)
may be implemented on a single integrated circuit chip
(or die) such as discussed with reference to Fig. 1. More-
over, the chip may include one or more shared and/or
private caches (e.g., cache 108 of Fig. 1), interconnec-
tions (e.g., interconnections 104 and/or 112 of Fig. 1),
control units, memory controllers, or other components.
[0023] As illustrated in Fig. 2, the processor core 106
may include a fetch unit 202 to fetch instructions (includ-
ing instructions with conditional branches) for execution
by the core 106. The instructions may be fetched from
any storage devices such as the memory 114 and/or the
memory devices discussed with reference to Figs. 4-6.
The core 106 may also include a decode unit 204 to de-

code the fetched instruction. For instance, the decode
unit 204 may decode the fetched instruction into a plu-
rality of uops (micro-operations). Additionally, the core
106 may include a schedule unit 206. The schedule unit
206 may perform various operations associated with stor-
ing decoded instructions (e.g., received from the decode
unit 204) until the instructions are ready for dispatch, e.g.,
until all source values of a decoded instruction become
available. In one embodiment, the schedule unit 206 may
schedule and/or issue (or dispatch) decoded instructions
to an execution unit 208 for execution.
[0024] The execution unit 208 may execute the dis-
patched instructions after they are decoded (e.g., by the
decode unit 204) and dispatched (e.g., by the schedule
unit 206). In an embodiment, the execution unit 208 may
include more than one execution unit (such as an imaging
computational unit, a graphics computational unit, a gen-
eral-purpose computational unit, etc.). The execution unit
208 may also perform various arithmetic operations such
as addition, subtraction, multiplication, and/or division,
and may include one or more an arithmetic logic units
(ALUs). In an embodiment, a co-processor (not shown)
may perform various arithmetic operations in conjunction
with the execution unit 208.
[0025] Further, the execution unit 208 may execute in-
structions out-of-order. Hence, the processor core 106
may be an out-of-order processor core in one embodi-
ment. The core 106 may also include a retirement unit
210. The retirement unit 210 may retire executed instruc-
tions after they are committed. In an embodiment, retire-
ment of the executed instructions may result in processor
state being committed from the execution of the instruc-
tions, physical registers used by the instructions being
de-allocated, etc.
[0026] The core 106 may also include a bus unit 214
to enable communication between components of the
processor core 106 and other components (such as the
components discussed with reference to Fig. 1) via one
or more buses (e.g., buses 104 and/or 112). The core
106 may also include one or more registers 216 to store
data accessed by various components of the core 106
(such as values related to assigned app priorities and/or
subsystem states (modes) association.
[0027] Furthermore, even though Fig. 1 illustrates the
logic 150 to be coupled to the core 106 via interconnect
112, in various embodiments logic 150 may be located
elsewhere such as inside the core 106, coupled to the
core via bus 104, etc.
[0028] Fig. 3 illustrates a flow diagram of a method
300, according to an embodiment. In one embodiment,
method 300 shows an example of different points in the
stack, selection(s) from the points, and comparison of
the values. One or more of the operations of method 300
may be performed by logic (e.g., logic 150).
[0029] In some embodiments, the interface between a
processor and O/S (or interchangeably a device driver)
will support one or more of the following:
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a. Ability to count duration in which a processor’s
operating characteristic was (e.g., operating fre-
quency, thermally (e.g., detected temperature at a
component of the processor), power consideration,
etc.) limited (or controlled), also referred to as a "du-
ration counter". The duration can be stored in a coun-
ter (e.g., a 32-bit counter, 64-bit counter, etc.), which
counts in some unit of time (e.g., 1.28us ticks, de-
pending on the implementation), and wraps around
or resets after some time (e.g., about 1.5 hours).
b. Ability to count the magnitude of that (i.e., if the
logic was limited, how much was it limited, so the
magnitude of the limitation), that is, if O/S requested
20, and processor was able to give 17, then this
counter (also referred to as a "magnitude counter")
will count three times faster than the duration counter
(20-17=3, so enough resolution is provided for the
counting). Sampling both counters before and after
the counts provides a way to know the average mag-
nitude of the (e.g., frequency) clipping.
c. Allow flexible selection of the points to sample.
The processor has a complex structure of frequency
resolving order, where each node in that tree repre-
sents a frequency limit, due to different constraints.
An embodiment allows the O/S to choose the pair of
points in that tree that are to be compared.
d. Allow flexible domain selection (e.g., for compar-
ison purposes). For example, some processors may
support four domains (e.g., referred to general com-
pute engine domain, ring, GT (Graphics) unslice, GT
slices), which represent different compute engines.
An embodiment allows choosing different engines,
and/or mixing them. For example, O/S may choose
to compare the frequency to which thermal throttling
limits graphics logic operations, and compare it with
the frequency that the Ring runs at.
e. Support an offset. This provides the ability not just
to compare two points in the above-mentioned tree,
but also add an offset to it.
f. Composition. This can be the more complex and
unique as will be further discussed below.

[0030] Accordingly, some embodiments allow the O/S
(and/or device driver) to select (e.g., up to eight pairs of)
points, in any compute domain, from within the frequency
resolving tree, and calculate the duration or magnitude
in which one was bigger than another. As points can de-
pend on previous points, this approach allows for gener-
ation of a complex composition (as mentioned under f.
above and further detailed below). Moreover, the com-
position may provide one or more of the following in var-
ious embodiments:

g. An embodiment allows for forming a complex com-
position between counters, hence creating high or-
der statistics. That is, for example, not just to esti-
mate the average of X, but also the average of X
given Y, or the average of X given (Y and Z), etc.

This allows the Original Equipment Manufacturer
(OEM) (e.g., during lab time) or the O/S (during runt-
ime) to understand if "X" went wrong, and if so, the
reason if it was because of "Y", or because of "Z", etc.
h. Counter #N (e.g., with 8 counters, N is 0..7) have
N-bit dependency mask, referencing counters #0 to
#(N-1).
i. If all bits in this mask are zero, counter will work
as described above; no special dependencies.
j. If exactly one mask bit is set, it means that this
counter depends on exactly one other (previous)
counter. This dependency means that if that other
counter did not count, then this counter will not count
as well. This allows for implementation of "X given Y".
k. In case that more than one bit is set in the mask,
an embodiment supports ALL/ANY rules. The ALL
rule means that all dependent counters count;
hence, it is an ’AND’ on the mask. The ANY rule
means that at least one of the dependent counters
counts; hence, it is an ’OR’ on the mask. There may
be a bit of data provided in the interface to specify
the ALL/ANY condition. This allows for creating up
to 8-th order statistics in an embodiment.

[0031] In one embodiment, the processor (and/or logic
150) calculates and/or tracks above-mentioned values
during runtime, e.g., based on the afore-mentioned in-
terface description. Also, an embodiment allows for se-
lection of various points of interest, domains, offset, etc.,
and/or composition or high-order statistics. Moreover,
embodiments discussed herein are applicable to all com-
puting devices that have a complex and/or cross-domain
frequency control mechanism. This includes but is not
limited to all phones, tablets, laptops, Ultrabook comput-
ing devices, desktop computers, servers, all-in-one com-
puting devices, etc. such as those discussed herein.
[0032] Such embodiments are believed to shorten the
time to market for computing products. Also, the runtime
optimization allows the provided telemetry data to be
used to improve the platforms, e.g., using better runtime
algorithms, creating differentiation between different
products, etc.
[0033] Referring to Fig. 3, various operations and val-
ues used for providing a flexible and/or dynamic telem-
etry information are shown according to an embodiment.
More particularly, an O/S (and/or a device driver) request
and HWP (Hardware Performance state, such as Intel®
Speed Shift™) autonomous request is received (302) as
discussed above. Shaping Pe (or shaping Performance
efficiency, or selecting the most efficient power point) and
shaping/OS-max (e.g., shaping or selecting an upper val-
ue provided by the OS) are determined (304, 306). Uti-
lizing a relatively slow limitation (e.g., 1msec), RAPL
(Running Average Power Limit), a duration for operation-
al change(s), thermal, and other information is provided
(308). As shown in Fig. 3, the information from operations
302, 304, 306, and 308 are provided to a counter 320
(which may be referred to herein as a "magnitude coun-

7 8 



EP 3 353 653 B1

6

5

10

15

20

25

30

35

40

45

50

55

ter") to determine a corresponding shaping effect.
[0034] As shown in Fig. 3, multiple core turbo informa-
tion 310 (including C state exit information), Voltage Reg-
ulator (VR), Icc Max value 312 (or maximum operating
current), PL4 Icc Max value 314, and PLL 316 (Phase
Locked Loop) information (such as the PLL actual fre-
quency) are provided to a counter 322 (which may be
referred to herein as a "duration counter") to generate an
Icc Max report (e.g., to provide the physical limitation that
may not be exceeded (e.g., not even for a pico second)
as it would potentially cause physical damage). In an
embodiment, counting in counter #1 322 is performed for
a dependency mask if counter #0 320 is counting. As
discussed herein, a "turbo" operation (also referred to as
turbo boost) allows processor core(s) to run faster than
the base operating frequency (for a period of time) as-
suming they are operating below power, current, and
temperature specification limits.
[0035] Fig. 4 illustrates a block diagram of a computing
system 400 in accordance with an embodiment. The
computing system 400 may include one or more central
processing unit(s) (CPUs) or processors 402-1 through
402-P (which may be referred to herein as "processors
402" or "processor 402"). The processors 402 may com-
municate via an interconnection network (or bus) 404.
The processors 402 may include a general purpose proc-
essor, a network processor (that processes data com-
municated over a computer network 403), or other types
of a processor (including a reduced instruction set com-
puter (RISC) processor or a complex instruction set com-
puter (CISC)). Moreover, the processors 402 may have
a single or multiple core design. The processors 402 with
a multiple core design may integrate different types of
processor cores on the same integrated circuit (IC) die.
Also, the processors 402 with a multiple core design may
be implemented as symmetrical or asymmetrical multi-
processors. In an embodiment, one or more of the proc-
essors 402 may be the same or similar to the processors
102 of Fig. 1. In some embodiments, one or more of the
processors 402 may include one or more of the cores
106, VR 130, and/or logic 150 of Fig. 1. Also, the oper-
ations discussed with reference to Figs. 1-3 may be per-
formed by one or more components of the system 400.
[0036] A chipset 406 may also communicate with the
interconnection network 404. The chipset 406 may in-
clude a graphics and memory control hub (GMCH) 408.
The GMCH 408 may include a memory controller 410
that communicates with a memory 412. The memory 412
may store data, including sequences of instructions that
are executed by the processor 402, or any other device
included in the computing system 400. In one embodi-
ment, the memory 412 may include one or more volatile
storage (or memory) devices such as random access
memory (RAM), dynamic RAM (DRAM), synchronous
DRAM (SDRAM), static RAM (SRAM), or other types of
storage devices. Nonvolatile memory may also be uti-
lized such as a hard disk. Additional devices may com-
municate via the interconnection network 404, such as

multiple CPUs and/or multiple system memories.
[0037] The GMCH 408 may also include a graphics
interface 414 that communicates with a display device
450, e.g., a graphics accelerator. In one embodiment,
the graphics interface 414 may communicate with the
display device 450 via an accelerated graphics port
(AGP) or Peripheral Component Interconnect (PCI) (or
PCI express (PCIe) interface). In an embodiment, the
display device 450 (such as a flat panel display (such as
an LCD (Liquid Crystal Display), a cathode ray tube
(CRT), a projection screen, etc.) may communicate with
the graphics interface 414 through, for example, a signal
converter that translates a digital representation of an
image stored in a storage device such as video memory
or system memory into display signals that are interpret-
ed and displayed by the display. The display signals pro-
duced may pass through various control devices before
being interpreted by and subsequently displayed on the
display device 450.
[0038] A hub interface 418 may allow the GMCH 408
and an input/output control hub (ICH) 420 to communi-
cate. The ICH 420 may provide an interface to I/O devices
that communicate with the computing system 400. The
ICH 420 may communicate with a bus 422 through a
peripheral bridge (or controller) 424, such as a peripheral
component interconnect (PCI) bridge, a universal serial
bus (USB) controller, or other types of peripheral bridges
or controllers. The bridge 424 may provide a data path
between the processor 402 and peripheral devices. Oth-
er types of topologies may be utilized. Also, multiple bus-
es may communicate with the ICH 420, e.g., through mul-
tiple bridges or controllers. Moreover, other peripherals
in communication with the ICH 420 may include, in var-
ious embodiments, integrated drive electronics (IDE) or
small computer system interface (SCSI) hard drive(s),
USB port(s), a keyboard, a mouse, parallel port(s), serial
port(s), floppy disk drive(s), digital output support (e.g.,
digital video interface (DVI)), or other devices.
[0039] The bus 422 may communicate with an audio
device 426, one or more disk drive(s) 428, and one or
more network interface device(s) 430 (which is in com-
munication with the computer network 403). Other de-
vices may communicate via the bus 422. Also, various
components (such as the network interface device 430)
may communicate with the GMCH 408 in some embod-
iments. As shown, the network interface device 430 may
be coupled to an antenna 431 to wirelessly (e.g., via an
Institute of Electrical and Electronics Engineers (IEEE)
802.11 interface (including IEEE 802.11a/b/g/n, etc.),
cellular interface, 3G, 3G, LPE, etc.) communicate with
the network 403. Other devices may communicate via
the bus 422. In addition, the processor 402 and the
GMCH 408 may be combined to form a single chip. Fur-
thermore, the graphics accelerator may be included with-
in the GMCH 408 in other embodiments.
[0040] Furthermore, the computing system 400 may
include volatile and/or nonvolatile memory (or storage).
For example, nonvolatile memory may include one or
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more of the following: read-only memory (ROM), pro-
grammable ROM (PROM), erasable PROM (EPROM),
electrically EPROM (EEPROM), a disk drive (e.g., 428),
a floppy disk, a compact disk ROM (CD-ROM), a digital
versatile disk (DVD), flash memory, a magneto-optical
disk, or other types of nonvolatile machine-readable me-
dia that are capable of storing electronic data (e.g., in-
cluding instructions). In an embodiment, components of
the system 400 may be arranged in a point-to-point (PtP)
configuration. For example, processors, memory, and/or
input/output devices may be interconnected by a number
of point-to-point interfaces.
[0041] Fig. 5 illustrates a computing system 500 that
is arranged in a point-to-point (PtP) configuration, ac-
cording to an embodiment. In particular, Fig. 5 shows a
system where processors, memory, and input/output de-
vices are interconnected by a number of point-to-point
interfaces. The operations discussed with reference to
Figs. 1-4 may be performed by one or more components
of the system 500.
[0042] As illustrated in Fig. 5, the system 500 may in-
clude several processors, of which only two, processors
502 and 504 are shown for clarity. The processors 502
and 504 may each include a local memory controller hub
(MCH) 506 and 508 to enable communication with mem-
ories 510 and 512. The memories 510 and/or 512 may
store various data such as those discussed with refer-
ence to the memory 412 of Fig. 4. Also, the processors
502 and 504 may include one or more of the cores 106,
logic 150, and/or VR 130 of Fig. 1.
[0043] In an embodiment, the processors 502 and 504
may be one of the processors 402 discussed with refer-
ence to Fig. 4. The processors 502 and 504 may ex-
change data via a point-to-point (PtP) interface 514 using
PtP interface circuits 516 and 518, respectively. Also, the
processors 502 and 504 may each exchange data with
a chipset 520 via individual PtP interfaces 522 and 524
using point-to-point interface circuits 526, 528, 530, and
532. The chipset 520 may further exchange data with a
high-performance graphics circuit 534 via a high-per-
formance graphics interface 536, e.g., using a PtP inter-
face circuit 537.
[0044] In at least one embodiment, one or more oper-
ations discussed with reference to Figs. 1-5 may be per-
formed by the processors 502 or 504 and/or other com-
ponents of the system 500 such as those communicating
via a bus 540. Other embodiments, however, may exist
in other circuits, logic units, or devices within the system
500 of Fig. 5. Furthermore, some embodiments may be
distributed throughout several circuits, logic units, or de-
vices illustrated in Fig. 5.
[0045] Chipset 520 may communicate with the bus 540
using a PtP interface circuit 541. The bus 540 may have
one or more devices that communicate with it, such as
a bus bridge 542 and I/O devices 543. Via a bus 544, the
bus bridge 542 may communicate with other devices
such as a keyboard/mouse 545, communication devices
546 (such as modems, network interface devices, or oth-

er communication devices that may communicate with
the computer network 403), audio I/O device, and/or a
data storage device 548. The data storage device 548
may store code 549 that may be executed by the proc-
essors 502 and/or 504.
[0046] In some embodiments, one or more of the com-
ponents discussed herein can be embodied as a System
On Chip (SOC) device. Fig. 6 illustrates a block diagram
of an SOC package in accordance with an embodiment.
As illustrated in Fig. 6, SOC 602 includes one or more
Central Processing Unit (CPU) cores 620, one or more
Graphics Processor Unit (GPU) cores 630, an Input/Out-
put (I/O) interface 640, and a memory controller 642. Var-
ious components of the SOC package 602 may be cou-
pled to an interconnect or bus such as discussed herein
with reference to the other figures. Also, the SOC pack-
age 602 may include more or less components, such as
those discussed herein with reference to the other fig-
ures. Further, each component of the SOC package 620
may include one or more other components, e.g., as dis-
cussed with reference to the other figures herein. In one
embodiment, SOC package 602 (and its components) is
provided on one or more Integrated Circuit (IC) die, e.g.,
which are packaged into a single semiconductor device.
[0047] As illustrated in Fig. 6, SOC package 602 is cou-
pled to a memory 660 (which may be similar to or the
same as memory discussed herein with reference to the
other figures) via the memory controller 642. In an em-
bodiment, the memory 660 (or a portion of it) can be
integrated on the SOC package 602.
[0048] The I/O interface 640 may be coupled to one or
more I/O devices 670, e.g., via an interconnect and/or
bus such as discussed herein with reference to other
figures. I/O device(s) 670 may include one or more of a
keyboard, a mouse, a touchpad, a display, an image/vid-
eo capture device (such as a camera or camcorder/video
recorder), a touch screen, a speaker, or the like. Further-
more, SOC package 602 may include/integrate the logic
150 and/or VR 130 in an embodiment. Alternatively, the
logic 150 and/or VR 130 may be provided outside of the
SOC package 602 (i.e., as a discrete logic).
[0049] The following examples pertain to further em-
bodiments. Example 1 includes an apparatus compris-
ing: logic, coupled to a processor, to communicate infor-
mation to a module, wherein the information is to com-
prise a duration counter value corresponding to a dura-
tion in which an operating characteristic of the processor
is controlled. Example 2 includes the apparatus of exam-
ple 1, wherein the information is to comprise a magnitude
counter value corresponding to a difference between a
magnitude of a requested feature by the module and a
magnitude of the requested feature to be provided by the
processor. Example 3 includes the apparatus of example
1, wherein the information is to be provided based at least
in part on a plurality of points to be selected for sampling.
Example 4 includes the apparatus of example 1, wherein
the information is to be provided based at least in part
on a plurality of domains of the processor to be selected
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for comparison. Example 5 includes the apparatus of ex-
ample 1, wherein the information is to be provided based
at least in part on a plurality of points with an offset to be
selected for comparison. Example 6 includes the appa-
ratus of example 2, wherein the information is to comprise
a complex composition between the duration counter and
the magnitude counter to provide high order statistics.
Example 7 includes the apparatus of example 1, wherein
the operating characteristic of the processor corresponds
to an operating frequency of the processor or a detected
temperature at a component of the processor. Example
8 includes the apparatus of example 1, further comprising
a duration counter to store the duration counter value,
wherein the duration counter is to be reset after a period
of time. Example 9 includes the apparatus of example 1,
wherein the module is to comprise an operating system
or a device driver. Example 10 includes the apparatus of
example 1, wherein the information is tracked during run-
time or during a design stage. Example 11 includes the
apparatus of example 1, wherein one or more of: the
logic, the processor having one or more processor cores,
and memory are on a single integrated circuit.
[0050] Example 12 includes a method comprising:
communicating information to a module, wherein the in-
formation comprises a duration counter value corre-
sponding to a duration in which an operating character-
istic of a processor is controlled. Example 13 includes
the method of example 12, wherein the information com-
prises a magnitude counter value corresponding to a dif-
ference between a magnitude of a requested feature by
the module and a magnitude of the requested feature to
be provided by the processor. Example 14 includes the
method of example 12, further comprising providing the
information based at least in part on a plurality of points
to be selected for sampling. Example 15 includes the
method of example 12, further comprising providing the
information based at least in part on a plurality of domains
of the processor to be selected for comparison. Example
16 includes the method of example 12, further comprising
providing the information based at least in part on a plu-
rality of points with an offset to be selected for compari-
son. Example 17 includes the method of example 16,
wherein the information comprises a complex composi-
tion between the duration counter and the magnitude
counter to provide high order statistics. Example 18 in-
cludes the method of example 12, wherein the operating
characteristic of the processor corresponds to an oper-
ating frequency of the processor or a detected tempera-
ture at a component of the processor. Example 19 in-
cludes the method of example 12, further comprising a
duration counter storing the duration counter value,
wherein the duration counter is to be reset after a period
of time. Example 20 includes the method of example 12,
wherein the module comprises an operating system or a
device driver. Example 21 includes the method of exam-
ple 12, further comprising tracking the information during
run-time or during a design stage.
[0051] Example 22 includes a computing system com-

prising: memory to store data; a processor, coupled to
the memory, to perform one or more operations on the
stored data; and logic, coupled to the processor, to com-
municate information to a module, wherein the informa-
tion is to comprise a duration counter value correspond-
ing to a duration in which an operating characteristic of
the processor is controlled. Example 23 includes the sys-
tem of example 22, wherein the information is to comprise
a magnitude counter value corresponding to a difference
between a magnitude of a requested feature by the mod-
ule and a magnitude of the requested feature to be pro-
vided by the processor. Example 24 includes the system
of example 22, wherein the information is to be provided
based at least in part on a plurality of points to be selected
for sampling. Example 25 includes the system of example
22, wherein the information is to be provided based at
least in part on a plurality of domains of the processor to
be selected for comparison. Example 26 includes the
system of example 22, wherein the information is to be
provided based at least in part on a plurality of points with
an offset to be selected for comparison. Example 27 in-
cludes the system of example 26, wherein the information
is to comprise a complex composition between the du-
ration counter and the magnitude counter to provide high
order statistics. Example 28 includes the system of ex-
ample 22, wherein the operating characteristic of the
processor corresponds to an operating frequency of the
processor or a detected temperature at a component of
the processor. Example 29 includes the system of exam-
ple 22, further comprising a duration counter to store the
duration counter value, wherein the duration counter is
to be reset after a period of time. Example 30 includes
the system of example 22, wherein the module is to com-
prise an operating system or a device driver. Example
31 includes the system of example 22, wherein the infor-
mation is tracked during run-time or during a design
stage. Example 32 includes the system of example 22,
wherein one or more of: the logic, the processor having
one or more processor cores, and memory are on a single
integrated circuit.
[0052] Example 33 includes an apparatus comprising
means to perform a method as set forth in any preceding
example. Example 34 comprises machine-readable stor-
age including machine-readable instructions, when exe-
cuted, to implement a method or realize an apparatus as
set forth in any preceding example.
[0053] In various embodiments, the operations dis-
cussed herein, e.g., with reference to Figs. 1-6, may be
implemented as hardware (e.g., logic circuitry), software,
firmware, or combinations thereof, which may be provid-
ed as a computer program product, e.g., including a tan-
gible machine-readable or computer-readable medium
having stored thereon instructions (or software proce-
dures) used to program a computer to perform a process
discussed herein. The machine-readable medium may
include a storage device such as those discussed with
respect to Figs. 1-6.
[0054] Additionally, such computer-readable media
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may be downloaded as a computer program product,
wherein the program may be transferred from a remote
computer (e.g., a server) to a requesting computer (e.g.,
a client) by way of data signals provided in a carrier wave
or other propagation medium via a communication link
(e.g., a bus, a modem, or a network connection).
[0055] Reference in the specification to "one embodi-
ment" or "an embodiment" means that a particular fea-
ture, structure, and/or characteristic described in connec-
tion with the embodiment may be included in at least an
implementation. The appearances of the phrase "in one
embodiment" in various places in the specification may
or may not be all referring to the same embodiment.
[0056] Also, in the description and claims, the terms
"coupled" and "connected," along with their derivatives,
may be used. In some embodiments, "connected" may
be used to indicate that two or more elements are in direct
physical or electrical contact with each other. "Coupled"
may mean that two or more elements are in direct phys-
ical or electrical contact. However, "coupled" may also
mean that two or more elements may not be in direct
contact with each other, but may still cooperate or interact
with each other.
[0057] Thus, although embodiments have been de-
scribed in language specific to structural features and/or
methodological acts, it is to be understood that claimed
subject matter may not be limited to the specific features
or acts described. Rather, the specific features and acts
are disclosed as sample forms of implementing the
claimed subject matter.

Claims

1. An apparatus comprising:

logic (150), coupled to a processor (102), to
communicate information to a module,
wherein the information is to comprise a duration
counter value corresponding to a duration in
which an operating characteristic of the proces-
sor is limited; and
wherein the information further comprises a
magnitude counter value corresponding to a dif-
ference between a magnitude of a requested
feature by the module and a magnitude of the
requested feature to be provided by the proces-
sor.

2. The apparatus of claim 1, wherein the information is
to be provided based at least in part on a plurality of
points to be selected for sampling, or wherein the
information is to be provided based at least in part
on a plurality of domains of the processor to be se-
lected for comparison, or wherein the information is
to be provided based at least in part on a plurality of
points with an offset to be selected for comparison,
or wherein the information is to comprise a complex

composition between the duration counter and the
magnitude counter to provide high order statistics,
or wherein the operating characteristic of the proc-
essor corresponds to an operating frequency of the
processor or a detected temperature at a component
of the processor.

3. The apparatus of claim 1, further comprising a du-
ration counter to store the duration counter value,
wherein the duration counter is to be reset after a
period of time.

4. The apparatus of claim 1, wherein the module is to
comprise an operating system or a device driver, or
wherein the information is tracked during run-time or
during a design stage, or wherein one or more of:
the logic, the processor having one or more proces-
sor cores, and memory are on a single integrated
circuit.

5. A method comprising:

communicating information to a module, where-
in the information comprises a duration counter
value corresponding to a duration in which an
operating characteristic of a processor is limited,
and
wherein the information further comprises a
magnitude counter value corresponding to a dif-
ference between a magnitude of a requested
feature by the module and a magnitude of the
requested feature to be provided by the proces-
sor.

6. The method of claim 5, further comprising providing
the information based at least in part on a plurality
of points to be selected for sampling.

7. The method of claim 5, further comprising providing
the information based at least in part on a plurality
of domains of the processor to be selected for com-
parison.

8. The method of claim 5, further comprising providing
the information based at least in part on a plurality
of points with an offset to be selected for comparison,
or wherein the information comprises a complex
composition between the duration counter and the
magnitude counter to provide high order statistics.

9. The method of claim 5, wherein the operating char-
acteristic of the processor corresponds to an oper-
ating frequency of the processor or a detected tem-
perature at a component of the processor.

10. A computing system comprising the apparatus as
defined in any of claims 1 to 4.
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11. The computing system of claim 10, further compris-
ing:

memory to store data; and
a processor, coupled to the memory, to perform
one or more operations on the stored data.

12. Machine-readable storage including machine-read-
able instructions, which when executed on a com-
puter, implement the method as defined in any of
claims 5 to 9.

Patentansprüche

1. Vorrichtung, die Folgendes umfasst:

Logik (150), die mit einem Prozessor (102) ge-
koppelt ist, zum Kommunizieren von Informati-
onen zu einem Modul,
wobei die Informationen einen Dauerzählerwert
entsprechend einer Dauer, in der eine Betrieb-
scharakteristik des Prozessors beschränkt ist,
umfassen sollen; und
wobei die Informationen ferner einen Größen-
zählerwert entsprechend einer Differenz zwi-
schen einer Größe eines durch das Modul an-
geforderten Merkmals und einer Größe des
durch den Prozessor bereitzustellenden ange-
forderten Merkmals umfassen.

2. Vorrichtung nach Anspruch 1, wobei die Informatio-
nen zumindest teilweise basierend auf mehreren zur
Abtastung auszuwählenden Punkten bereitgestellt
werden sollen, oder wobei die Informationen zumin-
dest teilweise basierend auf mehreren zum Ver-
gleich auszuwählenden Domänen des Prozessors
bereitgestellt werden sollen, oder wobei die Informa-
tionen zumindest teilweise basierend auf mehreren
Punkten mit einem zum Vergleich auszuwählenden
Offset bereitgestellt werden sollen, oder wobei die
Informationen eine komplexe Komposition zwischen
dem Dauerzähler und dem Größenzähler umfassen
sollen, um Statistiken hoher Ordnung bereitzustel-
len, oder wobei die Betriebscharakteristik des Pro-
zessors einer Betriebsfrequenz des Prozessors oder
einer detektierten Temperatur an einer Komponente
des Prozessors entspricht.

3. Vorrichtung nach Anspruch 1, die ferner einen Dau-
erzähler zum Speichern des Dauerzählerwerts um-
fasst, wobei der Dauerzähler nach einem Zeitraum
zurückgesetzt werden soll.

4. Vorrichtung nach Anspruch 1, wobei das Modul ein
Betriebssystem oder einen Einrichtungstreiber um-
fassen soll, oder wobei die Informationen während
der Laufzeit oder während einer Designstufe verfolgt

werden, oder wobei sich die Logik und/oder der Pro-
zessor mit einem oder mehreren Prozessorkernen
und/oder der Speicher auf einer einzelnen integrier-
ten Schaltung befinden.

5. Verfahren, das Folgendes umfasst:

Kommunizieren von Informationen zu einem
Modul, wobei die Informationen einen Dauer-
zählerwert entsprechend einer Dauer, in der ei-
ne Betriebscharakteristik eines Prozessors be-
schränkt ist, umfassen, und
wobei die Informationen ferner einen Größen-
zählerwert entsprechend einer Differenz zwi-
schen einer Größe eines durch das Modul an-
geforderten Merkmals und einer Größe des
durch den Prozessor bereitgestellten angefor-
derten Merkmals umfassen.

6. Verfahren nach Anspruch 5, ferner umfassend Be-
reitstellen der Informationen zumindest teilweise ba-
sierend auf mehreren zur Abtastung auszuwählen-
den Punkten.

7. Verfahren nach Anspruch 5, ferner umfassend Be-
reitstellen der Informationen zumindest teilweise ba-
sierend auf mehreren zum Vergleich auszuwählen-
den Domänen des Prozessors.

8. Verfahren nach Anspruch 5, ferner umfassend Be-
reitstellen der Informationen zumindest teilweise ba-
sierend auf mehreren Punkten mit einem zum Ver-
gleich auszuwählenden Offset, oder wobei die Infor-
mationen eine komplexe Komposition zwischen dem
Dauerzähler und dem Größenzähler umfassen, um
Statistiken hoher Ordnung bereitzustellen.

9. Verfahren nach Anspruch 5, wobei die Betriebscha-
rakteristik des Prozessors einer Betriebsfrequenz
des Prozessors oder einer detektierten Temperatur
an einer Komponente des Prozessors entspricht.

10. Rechensystem, das die Vorrichtung nach einem der
Ansprüche 1 bis 4 umfasst.

11. Rechensystem nach Anspruch 10, das ferner Fol-
gendes umfasst:

Speicher zum Speichern von Daten; und
einen Prozessor, der mit dem Speicher gekop-
pelt ist, zum Durchführen einer oder mehrerer
Operationen an den gespeicherten Daten.

12. Maschinenlesbare Speicherung, die maschinenles-
bare Anweisungen beinhaltet, die bei Ausführung
auf einem Computer das Verfahren nach einem der
Ansprüche 5 bis 9 implementieren.
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Revendications

1. Appareil comprenant :

une logique (150), couplée à un processeur
(102), pour communiquer des informations à un
module,
où les informations doivent comprendre une va-
leur de compteur de durée correspondant à une
durée pendant laquelle une caractéristique de
fonctionnement du processeur est limitée ; et
où les informations comprennent en outre une
valeur de compteur de grandeur correspondant
à une différence entre la grandeur d’une carac-
téristique demandée par le module et la gran-
deur de la caractéristique demandée à fournir
par le processeur.

2. Appareil selon la revendication 1, dans lequel les
informations doivent être fournies sur la base, au
moins en partie, d’une pluralité de points à sélection-
ner pour un échantillonnage, ou dans lequel les in-
formations doivent être fournies sur la base, au
moins en partie, d’une pluralité de domaines du pro-
cesseur à sélectionner pour une comparaison, ou
dans lequel les informations doivent être fournies
sur la base, au moins en partie, d’une pluralité de
points avec un décalage à sélectionner pour une
comparaison, ou dans lequel les informations doi-
vent comprendre une composition complexe entre
le compteur de durée et le compteur de grandeur
pour fournir des statistiques d’ordre élevé, ou dans
lequel la caractéristique de fonctionnement du pro-
cesseur correspond à une fréquence de fonctionne-
ment du processeur ou à une température détectée
au niveau d’un composant du processeur.

3. Appareil selon la revendication 1, comprenant en
outre un compteur de durée pour stocker la valeur
du compteur de durée, où le compteur de durée doit
être réinitialisé après une période de temps.

4. Appareil selon la revendication 1, dans lequel le mo-
dule doit comprendre un système d’exploitation ou
un pilote de dispositif, ou dans lequel les informa-
tions sont suivies pendant l’exécution ou pendant
une étape de conception, ou dans lequel un ou plu-
sieurs des éléments parmi la logique, le processeur
ayant un ou plusieurs cœurs de processeur, et la
mémoire sont situés sur un seul circuit intégré.

5. Procédé comprenant :

la communication d’informations à un module,
où les informations comprennent une valeur de
compteur de durée correspondant à une durée
pendant laquelle une caractéristique de fonc-
tionnement du processeur est limitée, et

où les informations comprend en outre une va-
leur de compteur de grandeur correspondant à
une différence entre la grandeur d’une caracté-
ristique demandée par le module et la grandeur
de la caractéristique demandée à fournir par le
processeur.

6. Procédé selon la revendication 5, comprenant en
outre de fournir les informations sur la base, au
moins en partie, d’une pluralité de points à sélection-
ner pour un échantillonnage.

7. Procédé selon la revendication 5, comprenant en
outre de fournir les informations sur la base, au
moins en partie, d’une pluralité de domaines du pro-
cesseur à sélectionner pour une comparaison.

8. Procédé selon la revendication 5, comprenant en
outre de fournir les informations sur la base, au
moins en partie, d’une pluralité de points avec un
décalage à sélectionner pour une comparaison, ou
dans lequel les informations comprennent une com-
position complexe entre le compteur de durée et le
compteur de grandeur pour fournir des statistiques
d’ordre élevé.

9. Procédé selon la revendication 5, dans lequel la ca-
ractéristique de fonctionnement du processeur cor-
respond à une fréquence de fonctionnement du pro-
cesseur ou à une température détectée au niveau
d’un composant du processeur.

10. Système informatique comprenant l’appareil tel que
défini dans l’une quelconque des revendications 1 à
4.

11. Système informatique selon la revendication 10,
comprenant en outre :

une mémoire pour stocker des données ; et
un processeur, couplé à la mémoire, pour exé-
cuter une ou plusieurs opérations sur les don-
nées stockées.

12. Stockage lisible par machine, comprenant des ins-
tructions lisibles par machine, qui, lorsqu’elles sont
exécutées sur un ordinateur, mettent en œuvre le
procédé tel que défini dans l’une quelconque des
revendications 5 à 9.
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